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INTRODUCTION

Measurements made in five hangars (two U.S. Air Force and three
U.S. Navy) indicated that stratification, the existence of a layer of
hot air in the structure's overhead, is a typical phenomenon in heated
hangars (Ref 1). This phenomenon results in increases in energy con-
sumption because of the following:

® the increased temperature difference across the roof and upper
wall surfaces increases the amount of heat transferred from in-
side a structure to the outside

o chimney effect increases the structure's air infiltration rate

e unused heat is wasted heat

Five destratification concepts (three commercial, one developed by
NCEL and one suggested by the Naval Facilities Engineering Command At-
lantic Division*) were evaluated to determine the effectiveness and
adaptability of each concept for hangar applications. This report pre-
sents the design criteria for the NCEL destratification concept and the
results of the evaluations of all the concepts.

DESTRATIFICATION CONCEPTS
The five destratification concepts evaluated are as follows:

o Destratification tube - commercial (Figure 1): The unit consists
of a small blower mounted on top of a tube or duct which trans- .
verses from floor to ceiling. The fan blows hot ceiling level
air down through the duct to the floor level where the hot air
mixes with the cooler floor level air. -

e Ceiling fan - commercial (Figure 2): A fan, mounted at the
ceiling level, blows hot air down toward the floor where it is
mixed with the cooler floor level air.

e Floor blower - commercial (Figure 3): A blower placed at the
floor level blows cool floor level air upward toward the ceiling
where it mixes with the hot ceiling level air.

*LANTDIV.
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Figure 2. Ceiling ran.

@ Cold air jet - NCEL (Figure 4): A blower sucks cool floor level
air through a duct and injects this air as a high velocity air
jet near the ceiling where it mixes with the hot ceiling level
air. The design criteria for the NCEL cold air jet destratifier
are presented in the Appendix.

e Heating system modification - LANTDIV (Figure 5): Hot ceiling
level air is used as the intake air for the heating system's
heating coils. The intake air can be routed to the heating sys-
tem via a duct, or the heating coil's air intake can be located
within the hot ceiling level air,.

EVALUATION

Preliminary Evaluation of Commercial Destratifiers

The three commercial destratification units were evaluated at NCEL
to determine their adaptability for use in hangars, All three were in-
stalled in a shop building at the laboratory and their effectiveness
measured. The results of the evaluation are provided in Tables 1, 2,
and 3 for the destratification tube, ceiling fan, and cold air blower,
respectively. Figure 6 shows where the data were taken and the location
of the destratifier within the building. As can be readily noted from
the tables, while neither the ceiling fan nor the destratification tube
produced any significant changes in the building's stratification charac-
teristics, the cold air blower rapidly destratified the building.
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(a) Duct near floor level,

{(b) Duct joint and blower.

Figure 4. Cold air jet.
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Figure 5. LANTDIV heating system modification.

Table 1. Destratification Tube Evaluation, Building 564

Temperature (°F) at
Time Data Point following Test Numbers Avg
1 2 3 4
Ambient temperature 60°F; weather, cloudy;
destratification tube placed in operation
at 0917; floor/ceiling temperature differ-
ence, 26°F.
0830 Floor 68 69 68 68 68
Loft 73 74 72 74 3
Ceiling 95 94 89 92 93
Ambient temperature, 62°F; weather, cloudy; data
not taken at 10-ft level; floor/ceiling tempera-
ture difference, 26°F.
1240 Floor 67 68 69 68 68
Loft - -- - -- --
Ceiling 95 94 93 94 94




Table 2. Ceiling Fan Evaluation, Building 564

Temperature (°F) at
- Time Data Point following Test Numbers Avg
1 2 3 4
Destratification tube secured; ceiling fan
placed in operation; floor/ceiling tempera-
ture difference, 25°F.
1240 Floor 67 68 69 68 68
Loft -- - - -- -
Ceiling 95 94 93 94 94
Ambient temperature, 63°F; weather cloudy;
floor/ceiling temperature difference, 21°F.
1330 Floor 73 72 74 73 73
Loft 77 77 76 76 77
Ceiling 97 95 93 89 94
{
{
Table 3. Floor Air Blower Test Results, Building 564 1
Temperatures (°F) at d
Time Data Point Following Test Numbers Avg
IR NE
Ambient temperature 53°F; weather, rain. Destratifier
not in operation; floor/ceiling temperature difference, i
12°F,
1000 Floor 76 76 76 75 74 75 ﬁ
10-ft high 77 81 78 77 74 77 !
Ceiling 88 94 94 84 74 87
Ambient temperature, 53°F; weather, rain. Destratifier in
operation at 1015; electric power consumption, 850 watts;
floor/ceiling temperature difference, 1°F.
1025 Floor 77 77 79 76 77 77 ;
10-ft high 75 76 80 75 77 77 !
Ceiling 76 76 84 75 80 78 3
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Figure 6. Location of data points and destratifier in test hangar.

The destratification tube and ceiling fan were then installed in a
test chamber in order to determine if their effectiveness and installa-
tion criteria could be established. Tables 4 and 5 and Figures 7 and 8
provide the results of the chamber evaluation for the destratification
tube and the ceiling fan, respectively. One installation parameter not
measured at the evaluations conducted at NCEL was a maximum ceiling
height. Although all three commercial concepts can destratify a struc-
ture, to varying degrees, and can save energy if properly installed,
only the cold air blower indicated that it might be practically used to
destratify a hangar. The number of units, height, and destratification
effectiveness would have to be determined.

Installation and Evaluation for Chosen Systems

Destratifiers based upon the NCEL, LANTDIV, and cold air blower
concepts were installed in Navy hangars and evaluated.

NCEL. The NCEL-designed destratifier, the cold air jet, was in-
stalled at the Navy Air Rework Facility, Norfolk, Va., in one of two
bays in hangar V-147., Steam consumption was measured for both bays.
Thermostat settings for both bays were kept at 55°F. Table 6 presents
the reduction in steam consumption for the destratified bay versus the
stratified bay. Based upon measurements made during parts of two heating
seasons, the destratified bay consumed 29% less heating-related energy.

BT T

T T




Table 4. NCEL Test Chamber Results, Destratification Tube

Number of destratifier units

Volume of building (room)

ltem Measurement
AT (floor/ceiling temperature
di?ference, stratified) 38°F
AT, (floor/ceiling temperature
ditference, destratified) 31°F
Destratification efficiency, 18.57%
(ATS - ATd) x 100
AT
s
Test chamber volume, V 2,500 fe3
Destratifier fan air movement, Q 6,300 ft3/hr
Destratifier flow to volume
ratio, Q/V 2.5
Destratifier electric power
consumption, p 100 watts

required for installation in 2.5 xQ
a building
Table 5. NCEL Test Results, Ceiling Fan
Test Number
Characteristic
1 2 3 4 5
Fan speed, rpm 240 160 120 90 60
Fan flow, ft3/min, q 1,990 1,328 996 747 498
Fan flow, ft®/hr, Q 119,000 79,680 | 59,760 1 44,820 | 29,880
ATS, °F 32 29 29 29 32
ATd, °F 6 10 17 27 32
Destratification efficiency, % 81 66 41 1 0
Test chamber volume, V 2,500 2,500 | 2,500 2,500 | 2,500
Q/v 47.5 32 24 18 12
Power, watts 173 150 138 127 115
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Ceiling/Floor Temperature Difference, AT(F)
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Figure 8. Ceiling fan test chamber results,

LANTDIV. The LANTDIV heating system modification was installed in
the center section of a hangar located at the Naval Air Development
Center (NADC), Warminster, Pa. (Figure 9, 10, and 11). Draft curtains
across the hangar divided the overhead area into three sections of equal
volumes. The draft curtains provided a solid barrier 15 feet deep from ﬂ
the roof down toward the floor. Thermocouple arrays were placed in two
of the three sections (one with the LANTDIV destratifier modification
and one without). Thermocouples for each section were placed 4
at: (1) ceiling level directly above the hot air blower; (2) hangar
centerline at ceiling level - 20 feet away from the hot air blower;

(3) hangar centerline - 2, 4, 8, and 12 feet below the ceiling; and
(4) center wall - 1 and 10 feet above the floor.

Hourly data were obtained for 3 months and recorded on a data logger.
None of the thermocouples were calibrated to each other; thus only rela-
tive temperature differences were measured. Table 7 presents a synopsis
of the data. The LANTDIV heating modification resulted in an average
decrease of 2°F in the destratified section,

Y

Cold-Air Blower. Three cold air blowers were installed, according

Warminster (Figure 12). A thermocouple array was installed at the fol-
lowing locations: (1) on the hangar centerline - at the ceiling level

and 2, 4, 8, and 12 feet below the ceiling; (2) 1 and 10 feet above the
floor; and (3) outside.

1
!
to the manufacturer's recommendations in a hangar, also located at NADC ;




Unit heater at NADC Warminster.

Figure 9.

14

e .




A
/
et \ .
i
|
1
:
1
)
1
Figure 10. LANTDIV modification before installation at NADC warminstel.
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Hourly temperature measurements were made and recorded on a data
logger during the 1982/83 winter. Data were obtained with and without
the cold air blower in operation. A synopsis of the data is presented
in Table 8 and Figure 13. As can be readily observed, the data are in-
conclusive with no definite indication of destratifier effectiveness.

CONCLUSIONS AND RECOMMENDATIONS

Of the five destratification concepts evaluated, only the NCEL cold
jet destratifier and the LANTDIV modification produced meaningful results
and are recommended for new and existing hangars. The cold air blower,
the only commercial concept actually evaluated in a hangar, performed
very well in a 25-foot-high building with the unit placed in the build-
ing's center. The hangar installation required that the units be placed
along the structure's wall. Because of hangar width, height, and volume
characteristics, either the cold air blower is not adaptable to hangar
applications or additional units are required. Further tests are recom-
mended to determine adaptability.

The LANTDIV heating svstem modification had a destratification
efficiency of 11% and did save energy. 1ts cost ($3,500/heater) is not
much less than the more efficient NCEL unit ($8,000/unit), therefore it
is not recommended for retrofit. However, if the heating unit were
located within 1 foot of the ceiling during installation of an original
heating system, the additional cost required for the LANTDIV destratifi-
cation would be negligible and the concept would prove most valuable
during the life of the hangar. The LANTDLV concept is recommended for
new hangars and for heating system replacements.

DESIGN CRITERIA FOR NCEL COLD AIR JET DESTRATIFILER

NCEL designed a cold air jet destratifier whose basis is the ability
of an air jet to entrain surrounding air and to throw it across large
distances. These principles are well-known and are documented in Refer-
ences 2 and 3. Figure l4 is a drawing of the destratifier. Design param-
eters are presented in Table 9 and can be used to design a destratifier
for any hangar. The equations used for the destratifier system design
are based upon principles stated in References 2 and 3 and are as follows:

Q = 0.00278 V/N (1)

"

where: Q destratifier flow, ft3/min

<
]

hangar volume, ft3

N = number of destratifiers to be installed

19
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é Table 8. Temperatures Taken With Cold Air Blower, NADC Warminster
° Floor/Ceiling
Temperature (°F) Temperature
Ceiling Floor Outside Floor/Outside D‘fzgggnce
Destratifier Off

76 61 34 27 15

76 61 34 27 15

76 61 34 27 15

76 61 34 27 15

76 61 33 28 15

78 68 35 33 10

79 66 27 39 13

82 75 29 46 7

84 73 33 40 11

81 71 29 42 10

81 73 27 46 8

76 67 20 47 9

73 62 18 44 11

83 74 26 48 9 1
89 79 33 46 10

83 75 33 42 8

83 72 44 28 11 |

82 72 41 31 10 |

77 69 45 24 8 3
71 62 48 14 q |

73 64 44 20 9

74 68 43 25 6

75 68 43 25 7

74 67 50 17 7 h
73 66 57 9 7 '
71 63 46 17 8

Destratifier On

75 69 52 17 6 ¥
76 64 44 20 12 ‘

79 66 38 28 13 |

72 68 51 17 4 ﬂ
74 66 43 23 8 i
73 62 44 18 9 |

75 64 44 20 11

76 64 44 20 12

77 65 43 22 12 !

77 65 34 31 12 |

78 65 36 29 13 {

79 65 36 29 13 i
80 68 43 25 12

81 69 43 26 12

76 64 43 24 12

71 67 48 19 4

74 69 50 19 5

20
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Figure 13. Cold air blower performance at NADC Warminster.
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Table 9. Cold Alr Jet Deslgn Parameters

HANGAR VOLLUME: Sdadage CURIC F

DESTRATIFIER FARAMETERS
HEAMGEAR DISCHARGE NOZZLE
WIDTH MUMBIER WLDH VELCCITY  DIAMETER
llLl UNITES M IMNCHES
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2
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HANGAR WVOLLUMED 128@8mE  CURIC FEET

DESTRATIFIER FARAMETERS
HAMNGAR LISCHARGE MOZZLE
WIDTH NUMEBER  FLOW VELOCITY DIAMETER
FEET UNITS CFM FFM INCHES
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DESTRATIFIER FARAMETERS
HAMGAR DISCHARGE NOZZLE
WIDTH MUMEER  FLOW VELOCITY DIAMETER
Fz g UNITS FM INCHES
& i 2168 24, &0
é S 251 19,11
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AANGAR VOLUMED 2E@asas CURIC FEET

DESTRATIFIER FARAMETERS
DISCHARGE — NOZZLE

NUMBER  FLOW VELOCITY DIAMETER
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CURIC FEET

SSTRATIFIER PARAMETERS
DIBCHARGE NOZZILE
NUMBER  FLOW VELOTITY  DIAMETER
UNITS C'M IMNCHES

t") 7‘4. Q\‘J
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U = o.ozzuTzwz/Q (2)
where: U = air exit velocity at destratifier nozzle, ft/min
U = residual air velocity at distance W, ft/min

= throw distance, ft

D = 24 (Q/nu)l/2 (3)

where D is the nozzle diameter, in.

For the design parameters presented in Table 9, a residual air ve-
locity of 170 ft/min was assumed, and the hangar's width was used as the
throw distance. The design data for nozzle diameter (Table 9), should
be rounded to the nearest 1/4 inch. The recommended number of units is
based upon moving a volume of air each hour equal to the interior volume
of a hangar. Hangars, however, have their overhead areas sectionalized
by draft curtains to curtail the spread of smoke and flame in case of
fire. In some instances, the number of overhead sections will exceed
the number of destratifier units recommended. In such circumstances,
additional destratifiers are required so that at least one destratifier !
will be located within each section. Some older hangars have draft cur-
tain designs which sectionalize the overhead in a shape similar to that
of an egg crate. This will prevent the cold air jet destratifier from

» being effective. The LANTDIV heating system modification is the only
concept evaluated which may be effective for an egg crate-sectionalized
overhead.
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FLORIDA ATLANTIC UNIVERSITY Boca Raton, FLL (McAllister)

FOREST INST. FOR OCEAN & MOUNTAIN Carson City NV (Studies - Library)
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GEORGIA INSTITUTE OF TECHNOLOGY (LT R Johason) Atlanta. GAL Col Arch, Benton, Atlanta, GA
HARVARD UNIV. Depte ot Architecture. Dro Kim, Cambridge. MA
HAWAIL STATE DEPT OF PLAN. & ECON DEV. Honolulu HT (Tech Into Ciny
[OWA STATE UNIVERSITY Dept. Arch. McKrown, Ames. 1A
WOODS HOLE OCEANUGRAPHIC INST Woaods Hale MA (W igen)
KEENE STATE COLLEGE Keene NH O (Cunmnghanm)
LEHIGH UNIVERSITY Bethlechem PA (Linderman Lo No 300 FlecRstemer)
- LOUISIANA DIV NATURAL RESOURCES & FNERGY Div O RAD. Baton Rouge, 1A
MAINE OFFICE OF ENERGY RESOURCES Augusta, Mt
MISSOURI ENERGY AGENCY Jetferson City MO
MIT Cambridge MA (Rm 10-3t4), Tech, Reports, bFogr Dby, Cambndee. MA (Harleman)
MONTANA ENFRGY OFFICE Anderson. Helena, M
NATURAL ENERGY LAB Librarv. Honolulu, HI
NEW HAMPSHIRE Concord NH (Governor « Counal on Fnergy)
NEW MEXICO SOFAR ENERGY INST. Dr Zwibel Las Cruces NM
NY CITY COMMUNITY COLLEGE BROOKEYN. NY (LIBRARY)
NYS ENERGY OFFICE Librars. Albhany NY
OAK RIDGE NATL LAB T Lundy. Oak Rudge. IN
PURDUE UNIVERSITY Lutavette. IN (CF Engr Laby
SCRIPPS INSTITUTE OF OCEFANOGRAPHY LA JOLLAL CA 1 ADAMYS)
SEATTLE U Prof Schwacgler Scattle WA
SREINTL Phillips. Chem Engr Lab, Menlo Park. €A
STATE UNIV. OF NEW YORK Fort Schuvler. NY (Longobardn
STATE UNIV. OF NY AT BUFFALO School of Mediaine. Buttdo, NY
TEXAS A&M UNIVERSITY W B, Ledbetter College Stanon. TN\
UNIVERSITY OF CALIFORNIA Fnergy Engineer. Davis CALLIVERMORE D CN of AWRENCE
LIVERMORE [LAB. TOKARZ). UCSF. Phyaical Plant. San Franasca, € A
UNIVERSITY OF DELAWARE Newark., DE (Dept ot Cnal Bngineening, Chessom
UNIVERSITY OF FLORIDA Dept Arch o Morgan., Ganesville. FL
UNIVERSITY OF HAWAIL HONOLULU., HE (SCIENCE AND [ECH. DIV
UNIVERSITY OF 1LLINOIS (Hally Urbana. 11 URBANAUIL (1 IBRARY)
UNIVERSITY OF MASSACHUSE TS (Heronemus), ME Dept. Amherst. MA
UNIVERSITY OF NEBRASKA-LINCOLN Lincoln. NE (Ross Tee Shelt Prop)
UNIVERSITY OF NEW HAMPSHIRE Elee Engr. Depot. Dro Murdoch. Durham. N H
UNIVERSITY OF TEXAS Inst. Marine So (Library). Port Arkansas TX
UNIVERSITY OF TEXAS AT AUSTIN AUSTIN. TX (THOMPSON)
UNIVERSITY OF WASHINGTON Scattle WA (EF Linger)
UNIVERSITY OF WISCONSIN Milwaukee WI (Ctr of Great Lakes Studies)
ARVID GRANT OLYMPIA. WA
ATLANTIC RICHFIELD CO. DALLAS. TX (SMITH)
BECHTEL CORP. SAN FRANCISCO. CA (PHELPS)
BROWN & ROOT Houston TX (D. Wurd)
CHEMED CORP Lake Zurich 1L (Dearborn Chem. Dis Lib))
COLUMBIA GULF TRANSMISSION CO. HOUSTON. TX (ENG. LIB.)
DESIGN SERVICES Beck. Ventura, CA
DIXIE DIVING CENTER Deccatur. GA
DURLACH, O'NEAL, JENKINS & ASSOC. Columbia SC
GARD INC. Dr. L. Holmes, Niles, 1L
LITHONIA LIGHTING Application eng. Dept. (B, Helton)., Conyers. GA 30207
MCDONNEL AIRCRAFT CO. (Faymanj Engrag Dept.. St Louis, MO
MEDERMOTT & CO. Diving Division. Harvey. LA
NEWPORT NEWS SHIPBLDG & DRYDOCK CQO. Newport News VA (Tech. Lib)
PACIFIC MARINE TECHNOLOGY (M. Wagner) Duvall. WA
PG&E Library. San Francisco, CA
PORTLAND CEMENT ASSOC. Skokic 1. (Rsch & Dev Lab. Lib.)
RAYMOND INTERNATIONAL INC. E Colle Soil Tech Dept, Pennsauken. NJ
SANDIA LABORATORIES Albuquerque. NM (Vortman): Library Div., Livermore CA
SCHUPACK ASSOC SO. NORWALK. CT (SCHUPACK)
SHELL DEVELOPMENT CO. Houston TX (C. Scllars Ir.)
TEXTRON INC BUFFALO. NY (RESEARCH CENTER LIB.)
TRW SYSTEMS REDONDO BEACH. CA (DAD
UNITED TECHNOLOGIES Windsor Locks CT (Hamilton Std Div.. Library)
WARD. WOLSTENHOLD ARCHITECTS Sacramento. CA
WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Oceanic Div Lib. Brvan): Librarv, Pittsburgh PA
WM CLAPP LABS - BATTELLE DUXBURY. MA (LIBRARY)
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BRAHTZ La Jolla, CA

FISHER Sun Dicgo. Ca
KETRON. BOB Ft Worth. I'X
KRUZIC. T.P. Silver Sprning. MD
I'W. MERMEL Wastungton DC
WALTZ Lnermore. CA
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INSTRUCTIONS

The Naval Civil Engineering Laboratory has revised its primary distribution lists. The bottom of
the mailing label has several numbers listed. These numbers correspond to numbers assigned to the list of
Subject Categories. Numbers on the label corresponding to those on the list indicate the subject category and
type of documents you are presently receiving. If you are satisfied, throw this card away (or file it for later
reference).
If you want to change what vou are presently receiving:
® Delete — mark off number on bottom of label.
® Add - circle number on hist.
® Remove my name trom all vour lists — check box on hist.
® Change my address = linc out incorrect hine and write 1in correction (ATTACH MAILING LABEL).
® Number of copies should be entered after the utle of the subject categories vou select.

Fold on line below and drop in the mail.

Note: Numbe: : on label but not listed on questionnaire are for NCEL use only, please ignore them,

Fold on line and staple.
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DISTRIBUTION QUESTIONNAIRE
The Naval Civil Engineering Laboratory is revising its primary distcibution lists.

SUBJECT CATEGORIES

SHORE FACILITIES

Construction methods and matenials (including corcosion
control, coatings)

Waterfront structures imaintsnance/deterioration control)

Utitities (including power condstioning)

Explosives safety

Construction equipment and machinery

Fire prevention and contirol

Antenna technoiogy

Structurst anslynis and design (including numericai and
computer techmques)

10 Protective construction (including hardened shelters,

shock and vibration studies)

11 Sail/rock mechanics

13 BEQ

14 Airtields snd pavements

13 ADVANCED BASE AND AMPHIBIOUS FACILITIES

16 Base facihties {including shelters, power generation, water supplies)
17 Expedient roads/airtields/bridges

18 Amphipious operations lincluding breakwaters, wave forces)

19 Over-the-Beach operations (including containesization,

materiel transter, highterage and cranesi

20 POL storage, ansfer and distribution
24 POLAR ENGINEERING
24 Same as Advanced Base and Amphibious Faciities,

except limited to cold-region environments

TYPES OF DOCUMENTS

85 Techdata Sheets

86 Technicat Reports and Technical Notes

83 Table of Contents & Index to TDS

28 ENERGY/POWER GENERATION

29 Thermal conservation (thermal engineering of buildings, HVAC
systems, energy 1035 Measurement, power generation)

30 Controls and electrical conservation (slectrcal systems,
energy monitoring and control systems)

31 Fuet flexibibity {hquid fuen, cos! utilization, energy
from sold waste)

32 Alternate energy source (geothermal power, photovoitax
power systems, solar systems, wind systems, energy storage
systems]

33 Site data and systems integration (energy resource data, energy
consumption data, integrating energy systems)

34 ENVIRONMENTAL PROTECTION

35 Sotid waste management

36 Hazardous/toxic Materials management

37 Wastewater management and sanitary engineering

38 Oil poliution removal and recovery

39 A potiution

40 Nosse sbatement

44 OCEAN ENGINEERING

45 Seaftoor soils and foundations

46 Seafloor construction systems and operations (including
diver and marnipulator taols)

47 Undersea structures and materials

48 Anchors and moorings

49 Undersea power systems, electromechan:cal cables,
and connectors

SO Pressure vessel facilities

51 Physical environment (including site surveying)

52 Ocean-based concrete structures

63 Hyperbaric chambers

54 Underses cable dynamics

82 NCEL Guide & Updates
931 Physical Security

3 None-—
remove my name




